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Abstract 
Ambient intelligent has advanced in the last years. The inclusion of Artificial Intelligent techniques, 
as pattern recognition, has allowed these systems to have a better adaptation to the environments. 
In this work, a multiagent system based on PANGEA and embedded agents to manage and monitor 
alarms is shown. The system incorporates embedded agents in Arduino hardware devices with 
modules to detect sounds and luminosity bands. 
Keywords: virtual organizations, ambient intelligent, sensors. 
1. Introduction 
During the last years, ambient intelligent has evolved [2] [3], and it is becoming more 
relevant in the daily life [6] - [8]. The ambient intelligent techniques adapt the technology to 
the needs based on three concepts: ubiquitous computing, ubiquitous communication, and 
intelligent user interface. To reach these objectives it is necessary to develop new frameworks 
and models that allow to access to the information regardless of the location. Wireless sensor 
networks (WSN) [4] [5] [18] provide an infrastructure that allows to distribute the 
communication in dynamic environments. Multiagent systems are a good alternative to 
manage the information of sensors. There are proposals that combine the multiagent systems 
and WSN to build intelligent environments [11] - [16] nevertheless, it is important to develop 
a multiagent system to work with virtual organizations and embedded agents.  
In this paper, a model of agent that can be executed as embedded hardware in an Arduino 
is shown. The agent is developed inside PANGEA [22], which is a multiagent architecture 
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based on virtual organizations, oriented to create intelligent environments. The system 
incorporates a module for Arduino in order to detect sounds and control luminosity bands. 
PANGEA incorporates the Sensor agent that can be incorporated in lightweight devices. This 
agent has been incorporated in the Arduino [10] helping to manage the information obtained 
from different devices. The paper is structured in these sections: section 2 is a brief overview 
about the PANGEA platform is shown with the information about the sensor agent, section 3 
includes information about the case study, results and conclusions. 
2. Platform PANGEA 
With the evolution of the ubiquitous and distributed systems, it is necessary to develop new 
platforms of agents that facilitate the development of open multiagent systems with the ability 
to be deployed in several kind of devices. PANGEA [22] is a multiagent platform with 
organizational aspects which allows to model and develop open systems, enhancing the 
distribution of resources and management of the nodes in which the agents are deployed. 
PANGEA has several virtual organizations that are deployed automatically within the 
initiation of the platform. The organizations are the following: 
 Translator Organization: The agents deployed in this organization are in charge of the 
translation and communication with agents which do not share the same Agent 
Communication Language (ACL) used by the PANGEA agents. PANGEA agents are 
implemented in Java or C++ and use the standard Internet Relay Chat (IRC) as 
communication language.  
 Central Control Organization: this organization includes the agents that manage and 
control the entire platform. 
 Organization for External Monitoring: This organization includes those agents 
deployed in external monitoring devices such as cameras, sirens, etc.  
2.1. Sensor Agent 
Embedded systems are designed to carry out specific or simple functions. The main 
characteristics that represents the use of embedded system with regard to other computational 
systems is their low fabrication cost, and its low capacity.  There are many micro-controllers 
available in the market, the best known are Arduino[19], Propeller[20], Beagle Board [21] and 
Raspberry Pi [1]. The Arduino board uses in the development is the model Arduino 
Duemilanove [24], that contains the components shown in the Fig. 1. 
 
Fig. 1: Components in the Arduino 
board. 
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The Duemilanove model contains an ATmega168 or ATmega328 microcontroller [25]. It 
has 14 pins, where 6 can be used as PWM (Pulse Width Modulation) [27] and 6 for analogic 
signals. Besides, it has a reset button, a USB connection to communicate with a computer, and 
2 pines to communicate through ISC protocols [26].  
2.1.1. Module Sound Recognition 
Both the acoustic treatment and analysis are carried out by means of EasyVR [28] board. It 
provides a good connectivity with any controller through an UART communication [29]. The 
sounds to be recognized are stored in an internal memory with a capacity of 32 sounds. EasyVR 
has a microphone that allows capturing and detection in real time the sound in the environment. 
The minimum input voltage of this shield is 3.3V, so it is a good candidate to work with the 
Arduino Duemilanove board. A scheme of this module is shown in Fig. 2.  
 
Fig. 2: Sound recognition module for Arduino. 
2.1.2. Scheme Solution 
The sensor agent has the hardware components shown in the Fig. 3: 
 Arduino Duemilanove board. 
 Sound recognition module EASYVR. 
 Luminosity band. 
The microphone is continuously monitoring the sound; when the system detects a pattern 
similar to any of the ones stored in the memory, the system reproduces a luminosity pattern to 
send a warning to the users. This is useful for deaf people, who are hindered to hear an acoustic 
alarm from a conventional device.  
 
Fig. 3: Integration of Arduino and EASYVR in the architecture PANGEA. 
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The microcontroller is connected to the PANGEA architecture. This sensor uses the 
connectivity and the services provided by the system to send the alerts and notifications to the 
users. 
2.1.3. Algorithms 
The following figures show the algorithms responsible to manage the luminosity alerts in 
order to turn on and turn off the luminosity bands.  
  
The algorithm “read_from_server” is responsible to check if there are requests from the 
PANGEA server to our agents, in this case, the response is calculated depending on the request.  
 
 
 
The algorithm “procesarSonido” 
initializes the module EASUVR and it 
remains listening in order to detect patterns. 
When the module detects a sound, it 
executes the function action() that will 
manage each sound.  
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3. Case study: intelligent environment to detect alarms 
The system has been developed in the laboratory of the research group. The laboratory 
contains different kind of sensors such as: luminosity, temperature, presence, alarms, locations 
and other sensors connected with ZigBee. The objective of the work is to detect the alarms 
through the sound without connecting them to the system, so that the system can be used with 
any hardware, for example gas, smoke detector, rings etc. This is an important issue in order 
to reduce cost. 
The Fig. 4a) shows the image of an alarm in the laboratory, the Fig. 4b) shows the EASYVR 
connected to the Arduino.  
  
(a) (b) 
Fig. 4: a) Alarm b) EasyVR. 
 
During the test, we have used these alarms: smoke, gas, stole, ring that reproduces different 
pattern in the luminosity band shown in the Fig. 5. 
 
Fig. 5: Luminosity band. 
Finally, to analyse the performance of EASYVR, the sounds were modified with a filter. 
Fig. 6a) shows the spectrum of the original sound, and Fig. 6b) shows the spectrum after 
applying a tremolo filter. The system was able to detect the sounds with this filter and White 
noise. 
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(a) 
 
(b) 
Fig. 6: a) Original sound; b) sound after tremolo filter. 
The PANGEA architecture allows to interconnect devices facilitating the integration of 
information and the decision making from the information provided by the sensors. This 
interconnection allows to communicate the devices and process the information in lightweight 
devices. 
The proposal incorporates agents in Arduino devices, this is important because it facilitates 
the integration of sensors and actuators in the PANGEA platform. 
Arduino in combination with the module EASYVR allow us to recognize different sounds 
and register behaviour according to these patterns. The sound recognition is important since it 
reduces the costs, as it facilitates the incorporation of devices without using a WSN. 
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